remainder were discovered during imaging studies. The numbers in both groups gradually increased during the study period. Conclusions: The incidence of childhood thyroid cancer has steadily increased in Korea. Regarding the detection methods of cancers, most tumors are detected by palpation rather than screening, although the rate of masses identified during screening has increased.
Introduction
Childhood thyroid cancer is a rare malignancy, but its incidence has been gradually increasing according to several epidemiologic studies [1, 2] . An increase in the incidence of childhood thyroid cancer (aged 0-14 years) was observed in Great Britain, with an approximately 1.5-fold increase in females and a 3-fold increase in males from 1976-1986 to 1997-2005 [1] . A study using the SEER database also reported that the annual percentage change (APC) in thyroid cancer incidence was 4.9 (95% CI: 3.2-6.6) in children aged 0-19 years between 2001 and 2009 [2] .
In adults, the incidence of thyroid cancer has increased more rapidly than any other cancer in the last 20 years, and many studies have demonstrated factors contributing to the steep rise in the incidence of thyroid cancer [3] [4] [5] . Although improved detection with advanced imaging modalities is regarded as the main cause of the increasing incidence of small thyroid cancers [5] , an increase in larger thyroid cancers indicates a rising occurrence of true thyroid cancer [3, 4] . Environmental and multiple other factors have been suggested [6] ; however, the exact causes leading to the increase in thyroid cancer incidence are still unknown.
Little is known about the factors responsible for the increase in childhood thyroid cancer due to its overall low incidence (6.8 cases per million in the USA) [2] . Vergamini et al. [7] reported that an increasing incidence of thyroid cancer of all sizes was identified in children and young adults using the SEER database, with the most prominent increase noted in small tumors (0.5-1.0 cm). However, the study population consisted mainly of young adults (approx. 85%, aged 20-29 years), who have a greater chance of undergoing thyroid screening exams (ultrasonography) than children, and their epidemiologic and biochemical characteristics are expected to be different from those in childhood thyroid cancer [8] .
The Ministry of Health and Welfare initiated a nationwide hospital-based cancer registry called the Korea Central Cancer Registry (KCCR) in 1980 [9] . Since 1999, national population-based cancer incidence data have been generated systematically [9] . The KCCR data from 1999 to 2002 have been published as Cancer Incidence in Five Continents , vol. IX, which reflects the completeness and validity of the incidence data [10] . However, the KCCR data do not provide information on cancer staging or detection methods. To elucidate whether thyroid screening is a contributing factor for the detection of thyroid cancer in children, we used clinical data from our institution.
In the present study, we aim to present the incidence trends of childhood thyroid cancer based on the KCCR data and to identify changes in the routes of detection and size of thyroid cancer using our tertiary hospital database.
Materials and Methods

Data Source for Calculating the Crude Incidence of Childhood Thyroid Cancer
Until 1998, the KCCR collected cancer cases annually from more than 180 hospitals in Korea, and the database is believed to represent 80-90% of all cancer cases in Korea [9] . Since 1999, the registry has covered the entire Korean population [9] ; the data are available at http://ncc.re.kr/.
Thyroid cancer is classified as ICD-O-3: C73.9 according to the International Classification of Diseases for Oncology , ed. 3 [11] . The crude incidence of childhood thyroid cancer (aged 0-19 years) was calculated based on the KCCR database.
Study Population at Samsung Medical Center
A total of 126 pediatric patients (aged 0-19 years) who had undergone thyroidectomy at Samsung Medical Center between 1995 and 2013 were eligible for this study. Age, gender, history of other malignancy, history of radiation or chemotherapy, cancer staging, thyroid cancer histology and route of detection of thyroid cancer were retrospectively reviewed. For anatomical staging, the 7th edition of the Tumor, Node, Metastasis/American Joint Cancer Committee (TNM/AJCC) system was used (available at https:// cancerstaging.org).
The mean age at diagnosis was 16 ± 3 years (mean ± SD), and 110 (87%) patients were female. Five (4%) had a previous history of other malignancy; among them, 4 patients (3%) had received external radiation prior to the diagnosis of thyroid cancer. Papillary thyroid carcinoma (PTC) accounted for 91% (115/126) of all cases, followed by follicular thyroid carcinoma (6%, 8/126), poorly differentiated thyroid carcinoma (2%, 2/126) and medullary thyroid carcinoma (1%, 1/126). The median size of the thyroid tumors was 2.0 cm in diameter, and 33 patients (26%) had multifocal tumors. Distant metastasis at initial presentation was identified in 10 patients (8%), all of whom had lung metastasis.
Route of Detection
The route of detection for thyroid cancer was described as follows: (1) by palpation of a neck mass by family members or a physician, (2) by ultrasonography screening due to various reasons such as a family history of thyroid cancer, (3) by imaging studies for other diseases, including other malignancies or benign thyroid diseases, and (4) by surgical specimens from thyroid surgery for benign thyroid diseases. Patients with thyroid cancer that was discovered by a palpable neck mass were regarded as the 'palpation group', and others were considered as the 'screening group'.
Statistical Analysis
To calculate the crude incidence of childhood thyroid cancer in Korea, data on the numbers of newly diagnosed thyroid cancers every year and population size were obtained from the KCCR database (http://ncc.re.kr/) and Statistics Korea (http://kosis.kr/ eng/), respectively. Statistical calculation was conducted using SPSS Statistics 18 (SPSS Inc., Chicago, Ill., USA). Descriptive statistical analysis was used for demographics (mean, SD, median, interquartile ranges). The independent t test and the χ 2 test were used for comparison of variables between the palpation group and the screening group, as appropriate. For comparison between more than two groups, the one-way ANOVA test for parametric variables and the KruskalWallis test for nonparametric variables were used. This study was approved by the Institutional Review Board at Samsung Medical Center.
Increasing Incidence of Childhood Thyroid Cancer in Korea
The crude incidence of childhood thyroid cancer in Korea (0-19 years) steadily increased from 1999 to 2012 based on the KCCR data. The incidence changed from 0.5 per 100,000 children in 1999 to 1.7 per 100,000 children in 2012, which was mainly driven by an increase in females (0.8 in 1999 and 2.9 in 2012) rather than in males (0.2 in 1999 and 0.6 in 2012). The proportion of thyroid cancer among all pediatric cancers also increased from 4.4% in 1999 to 10.6% in 2012. The trends in childhood thyroid cancer incidence and the proportions among overall cancers are presented in figures 1 and 2 , respectively. 
Detection of Thyroid Cancer in Children
Among 126 childhood thyroid cancers, tumors were diagnosed after the detection of a palpable neck mass by family members or a physician in 91 patients (72%, palpation group) and by thyroid screening in 20 patients (16%); 15 patients (12%) were diagnosed during a general checkup without any other signs or symptoms, and 5 patients (4%) underwent thyroid screening due to a family history of thyroid cancer. Thyroid cancer was incidentally detected during follow-up imaging studies for other diseases in 14 patients (11%): 3 (2%) were malignancies, and 11 (9%) were benign thyroid disease. In 1 patient (1%), thyroid cancer was incidentally found in a surgical specimen during thyroid surgery for intractable Graves' disease ( table 1 ).
Comparison of Clinical Features according to the Route of Detection of Thyroid Cancer
Patients were divided into the palpation group (n = 91) and the screening group (n = 35). The median tumor size was significantly larger in the palpation group than in the screening group (2.8 vs. 0.9 cm, p < 0.001). In the palpation group, a higher proportion of patients showed advanced TNM stage: 66 patients (73%) had a T3 or T4 disease (vs. 34% in the screening group), and 38 patients (42%) had a lateral lymph node metastasis (vs. 11% in the screening group). The rate of distant metastasis at initial presentation was significantly higher than that in the screening group (11 vs. 0%). Other variables, including age at diagnosis, gender, previous history of radiation and histology of thyroid cancer, were comparable between the groups ( table 2 ) .
Comparison of Clinical Features according to the Year of Diagnosis of Thyroid Cancer
The number of thyroid cancer cases in childhood gradually increased during the study period. An increase in the number of cases in the palpation group was observed; however, the figures and proportions of cases in the screening group also increased. The median tumor size tended to be smaller in patients with recently diagnosed thyroid cancer, although this finding was not significant, whereas masses identified by palpation were similar in size across the study period. Other parameters, including age at diagnosis, gender, previous history of radiation and histology of thyroid cancer, were not different during the study period ( table 3 ) .
Discussion
We describe an increasing incidence in childhood thyroid cancer between 1999 and 2012 using data from the KCCR database. To analyze the patterns of thyroid cancer detection, we used the database from a single tertiary center, which identified that the majority of cancers were initially discovered by palpation, and the number of masses found during both screening and palpation gradually increased, although the detection of palpable tumors increased to a lesser degree.
An increasing incidence of childhood thyroid cancer has been observed in several epidemiologic studies ( table 4 ). A British group reported that the age-standardized incidence rates in northern England increased from 0.2 per million male children aged 0-14 years in 1976-1986 to 0.6 in 1997-2005, and from 0.3 per million female children aged 0-14 years to 0.5 [1] . In the USA, the incidence rate ranged from 0.4 to 0.7 per 100,000 children (0-19 years), and a gradually increasing tendency with an APC of 1.1% per year was observed between 1973 and 2007, in spite of its fluctuating pattern [12] . Another study using the SEER database reported a 4.9 APC of thyroid cancer (0-19 years) in 2001-2009, whereas the rate in overall pediatric cancers did not change in the same period (APC = 0.0) [2] . Comparing these two studies using the SEER database, a rapid increase of childhood thyroid cancers is observed in recent years [2, 12] . Our results are comparable, but present a higher incidence with previous data from Western countries, which demonstrate increasing trends and rates of childhood thyroid cancer among all cancers. However, most prior studies [1, 2, 12] , except one by Vergamini et al. [7] , did not analyze cancer incidence according to tumor size. Thus, the influence of screening studies on the detection of childhood thyroid cancer is difficult to estimate in epidemiologic studies, including the KCCR.
To examine trends in mass detection and thyroid screening, we used the data from our institution, information that was not available in epidemiologic studies. Among 126 children with thyroid cancer, approximately 72% were initially detected by palpation. Although the percentage of palpable masses decreased in recently diagnosed child- hood cancers, the absolute numbers constantly increased across the study period. It is worth mentioning that the proportion of cases detected by imaging studies increased, and these tumors were significantly smaller than the palpable masses. A recent study conducted by Vergamini et al. [7] showed that thyroid cancers ≥ 2.0 cm in size constituted approximately 60% of all cases of childhood thyroid cancer (0-19 years) based on the SEER database ). An increasing incidence of large ( ≥ 2.0 cm, APC 2.96, 95% CI: 2.34-3.59) and small tumors (0.5-0.9 cm, APC 8.45, 95% CI: 7.09-9.82) was identified in females (0-29 years), which indicates that improved diagnosis with sensitive imaging modalities does not fully explain an increasing trend of thyroid tumors [7] . Although a prior study included young adults and did not present subanalysis results of the APCs according to tumor size in children (0-19 years), a significant increase in total thyroid cancers was observed in the age groups of 10-14 and 15-19 years [7] . Our findings conform to the results of the SEER database and provide additional information, including the route of mass detection. Although we cannot generalize these results for Korean pediatrics because our data were drawn from a single-center population, it seems that palpation is still the main route of thyroid mass detection, even in recently diagnosed thyroid cancers, which is different from the manner common in adults [13, 14] . In our data, histologic changes in childhood thyroid cancers were observed in each period, although these were not significant. As with the previous literature [15, 16] , PTC accounted for more than 90% throughout the study period, except the early era (1995-1999), perhaps due to the small number of patients. It is notable that the rate of rare variants of PTC, such as the diffuse sclerosing variant of PTC (DSV-PTC), gradually increased during the study period (10% in 2010-2013). Among 8 cases of DSV-PTC, 5 (63%) were in the palpation group, and 3 (37%) were in the screening group: 1 case of the screening group was detected in 2005-2009, and the other 2 cases were found in 2010-2013. One case had received previous irradiation treatment for acute leukemia. As DSV-PTC is related to young ages and irradiation, this rare subtype of thyroid cancers has been studied in atomic bomb accident areas. A recent study conducted in Belarus reported that DSV was 7.7% of PTC in prescreening cases and 1.2% in US screening cases [17] . These results are comparable with our data in that most DSV-PTC are detected by clinical symptoms or signs. Other studies also reported a similar prevalence (10-13%) of DSV-PTC in children with thyroid cancers in Belarus [18, 19] . However, pathologic changes in childhood thyroid cancers have not been reported in the literature. To figure out whether the pathology change is a true phenomenon, further studies with a longer follow-up duration are needed.
Several genetic susceptibilities and environmental factors have been studied to further elucidate the etiology of thyroid cancer. Regarding genetic susceptibility, it has been suggested that the genetic factors contributing to thyroid cancer development are considerable compared with those of other cancers [20] . Mousavi et al. [21] re- [22] . Park et al. [23] reported a higher prevalence of FNMTC (9.6%) in Korea, a considerably high figure that is comparable with the prevalence in Italy (11.3%) [24] and the USA (8.8%) [25] . The rates of FNMTC have not changed in Korea between 1962 and 2010 [23] . With regard to environmental factors, ionizing radiation is an established cause of thyroid cancer. The thyroid gland is very sensitive to radiation in childhood owing to its small size, and younger ages are more susceptible to thyroid cancer related to irradiation [26] . In particular, therapeutic radiation for other pediatric malignancies, such as leukemia, lymphoma and neuroblastoma, is associated with the development of secondary thyroid cancer [26] . In our population, 4 children (3.2%) were exposed to external radiation before the diagnosis of thyroid cancer. Considering that only 3% of childhood thyroid cancers are diagnosed among survivors of other previous cancers, a history of medical irradiation seems to constitute a small portion of the factors contributing to the occurrence of thyroid cancer. Recent changes in the trends of childhood thyroid cancer are not completely explained by the factors described above. Additional explanations are posited below, although these issues were not addressed in the present study. Irradiation is a well-known risk factor for thyroid cancer, and some authors have suggested that the risk of thyroid cancer is increasing due to exposure to medical radiation such as computed tomography scans or diagnostic X-ray [27, 28] , although others disagree with this suggestion [29] . The association between obesity and thyroid cancer has also been reported, and recent data with pooled analysis suggest that a higher body mass index is a risk factor for thyroid cancer in both genders [30] . As in Western countries, the prevalence of obesity in children has rapidly increased in Korea, and this might be a possible factor contributing to the trends of thyroid cancer. High iodine nutritional status is considered as a risk factor for thyroid cancer due to BRAF mutation [31] , and Korea is known to be a high iodine intake country [32, 33] . According to data from the Korea National Health and Nutrition Examination Survey, the consumption of food with a high iodine content has increased steadily over the past few decades in Korea (available online at http:kosis.kr/), and these changes in dietary habits could affect the increase in thyroid cancer.
The palpation group presented aggressive features of thyroid cancers compared with the screening group: advanced TNM stage and distant metastasis at the initial diagnosis. As both groups showed no difference in gender, age, histology of thyroid cancers and irradiation history, thyroid ultrasonography screening may be beneficial to detect childhood thyroid cancers in an early stage. Gupta et al. [34] also reported that childhood thyroid cancers incidentally discovered by radiologic studies tended to be small and showed a lower rate of metastasis. However, recently published guidelines by the American Thyroid Association recommend physical examination for children at high risk for thyroid neoplasia because of insufficient data to clarify the screening effect of thyroid ultrasonography [35] . This issue is beyond our scope and should be addressed for the improvement of the quality and longevity of life.
We report a 3-fold increasing incidence of childhood thyroid cancer in Korea between 1999 and 2012 according to the KCCR database, and the majority of cancers are initially detected by palpation rather than thyroid screening in the population from our institution, although the proportion of masses found during screening studies is increasing. To clarify the trends in childhood thyroid cancer and its risk factors, further investigations on a larger scale with long-term follow-up data are required.
